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The brightness of an electron beam, roughly defined as the number of electrons per area in position-momentum space (called "phase space"), is the principle figure of merit for sources that will drive next generation synchrotron x-ray facilities. Examples of facilities include the proposed Cornell Energy Recovery Linear Accelerator (ERL), or a free electron laser like the Linac Coherent Light Source at SLAC. It is this brightness that determines the brightness of the x-ray beam generated from the electrons. The brightness of any linear accelerator (like the ones listed above) can be no better than the brightness of it's electron source, called the electron gun, which produces electrons via photoemission and accelerates them through a voltage gradient. It is for this reason that the Cornell ERL team has constructed a new direct current (DC) photoemission gun and diagnostic beamline, which operates independently of the ERL injector prototype.

This next-generation DC gun has been constructed and conditioned to high voltages (>450 kV), which simulations show should provide for record high brightness electron bunches. The ~5m long beamline has been constructed to fully image the bunch – both in position, momentum, and time. This REU project will involve some of the fist measurements with the 450 keV beam, utilizing these imaging diagnostics. The REU student will be heavily involved in beam operations (you will "drive" the beam!) as well as control system interfaces for these devices, and in the analysis of the raw brightness data. Beyond the prospect of measuring record high-brightness beams, we will also explore the beam phase space for extremely dense bunches in which strong coulomb repulsion exists, driving the electron bunch to instability and breakup. These instabilities (called virtual cathode instabilities) have not been measured before in any photogun, and are the ultimate limit on the density of the bunch during photoemission.

